We study the tunneling magneto thermopower and tunneling magneto thermocurrent of 
Spin-caloritronics
1 is an emerging field combining thermoelectrics and spintronics properties in magnetic nanostructures. It enables, for instance, the generation of pure spin currents by thermal gradients [2] [3] [4] or the thermally induced excitation of magnetization precession 5 . These phenomena are driven by the interplay of heat, charge and spin currents. Thermal gradients are produced by ohmic heating ( fig. 1 (a) ) with a 5 µm wide and 70 nm A reduction of the TMR ratio ( fig. 1 (c) ) is observed when measuring the TMR for different heating powers ( fig. 1 (b) ). This reduction is mainly caused by a decrease of the resistance in the antiparallel state (R AP ), while the resistance in the parallel configuration (R P ) remains stable ( fig. 1 (d) ). This behavior is consistent with the decrease of the TMR ratio in MgO based MTJ structures with increasing temperature [12] [13] [14] [15] . To confirm this for our samples, the TMR was measured on a variable temperature probe station. A reduction of the TMR ratio by 10 % for an increase of the sample temperature from 300 K to 350 K was found in agreement with previous studies. We thus conclude that in our MTJs an applied P heat = 125 mW leads to an increase of the average junction temperature of about 50 K. Note that in our previous experiments samples with an approximately twice as thick dielectric layer between HL and TC were used 6, 7 . There, no significant drop of the TMR was found for P heat up to P = 60 mW speaking for a much weaker increase of the junction temperature. As displayed in figure 2 (c) V TP (AP) and V TP (P) both scale almost linearly with the applied heat power up to the maximum applied P heat = 124 mW. Defining the TMTP ratio TMTP=(V TP (AP)−V TP (P))/V TP (P) similar to the TMR we observe that the TMTP decreases from 55 % down to 39 % when increasing P heat ( fig. 2 (b) ). A temperature dependence of the TMTP ratio has also been predicted by ab initio calculations of the thermo electric power originating from the energy-dependent transmission probability trough the MgO barrier 16 . figure 3 (a) ). I TP reveals similar hysteretic switching as TMR and V TP but with opposite sign: I TP is larger in the parallel than in the antiparallel state and for maximum P heat I TP nearly doubles upon magnetization reversal. Note that especially in the P→AP transition I TP shows a significant overshoot. This overshoot is an artifact from the background subtration used to derive I TP as described above. As shown in figure   1 (b) a shift of the coercive field related to the P→AP transition is observed when increasing P heat . As I TP is derived by subtration of two subsequently measured easy axis loops I(H)
for P heat = 0 and P heat = 0 the loop shift leads to incorrect values at the transition and hence From the field sweep measurements in figure 3 (a) we can derive the dependence of I TP (P,AP) on P heat presented in figure 3 (c). I TP (P) and I TP (AP) again scale nearly linearly with P heat and hence with the temperature gradient ∇T MTJ across the MTJ.
In contrast to the behavior of V TP , I TP (AP) is smaller than I TP (P). The TMTC ratio TMTC=(I TP (AP)−I TP (P))/I TP (P) plotted in figure 3 (b) is negative at around −45 % with no significant dependence on P heat .
The experimental data can be well described by nonequilibrium thermodynamics 17, 18 .
According to the Onsager transport equations, the total electric current I in the presence of the total voltage V and a temperature gradient ∇T MTJ across the MTJ is given by
where σ is the electrical conductance of the MTJ and S is the Seebeck coefficient. Measurements of the junction resistance R MTJ as well as V TP and I TP in an open circuit (I = 0) and closed circuit (V = 0) configuration, respectively, allow to determine σ = (R MTJ ) −1 and
Using these values the predicted magnetic thermocurrent I TP in closed circuit configuration can be computed as
The computed I TP is plotted in figure 3 (a) and figure 3 (c) as dashed lines. This simple model can well reproduces the main features of the experimental data. Note, however, that I TP in the AP state is slightly lower than the predicted value and that for the P configuration a better agreement is found. As well as in the measurements an overshoot in the computed I TP is found. This is consistent with the above explanation, as, again, the model data is derived from two measured easy axis loops at P heat = 0 (R MTJ ) and P heat = 0 (V TP ).
In summary, we have presented a complete thermoelectric characterisation of 
